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Abstract
The entirety of all protein coding sequences is reported to represent a small fraction (,2%) of the mouse and human
genomes; the vast majority of the rest of the genome is presumed to be repetitive elements (REs). In this study, the C57BL/
6J mouse reference genome was subjected to an unbiased RE mining to establish a whole-genome profile of RE occurrence
and arrangement. The C57BL/6J mouse genome was fragmented into an initial set of 5,321 units of 0.5 Mb, and surveyed
for REs using unbiased self-alignment and dot-matrix protocols. The survey revealed that individual chromosomes had
unique profiles of RE arrangement structures, named RE arrays. The RE populations in certain genomic regions were
arranged into various forms of complexly organized structures using combinations of direct and/or inverse repeats. Some of
these RE arrays spanned stretches of over 2 Mb, which may contribute to the structural configuration of the respective
genomic regions. There were substantial differences in RE density among the 21 chromosomes, with chromosome Y being
the most densely populated. In addition, the RE array population in the mouse chromosomes X and Y was substantially
different from those of the reference human chromosomes. Conversion of the dot-matrix data pertaining to a tandem 13-
repeat structure within the Ch7.032 genome unit into a line map of known REs revealed a repeat unit of ,11.3 Kb as a
mosaic of six different RE types. The data obtained from this study allowed for a comprehensive RE profiling, including the
establishment of a library of RE arrays, of the reference mouse genome. Some of these RE arrays may participate in a
spectrum of normal and disease biology that are specific for mice.
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Introduction
Over 1,000 whole genomes from various species, ranging from
prokaryotes to humans, have been sequenced [1,2,3,4,5]. The
annotated information in these genome databases, which is
primarily focused on the protein coding regions in the euchroma-
tin area, are critical assets for current as well as future
investigations into biological phenomena [6,7,8]. In mice and
humans, the entire protein coding sequences are known to
constitute ,2% of the genome and the vast majority of the rest of
the genome is presumed to be occupied by various types of
repetitive elements (REs) [2,3,9,10].
Current biomedical studies primarily focus on the character-
ization of the function of genes, both wild-type and polymorphic
variant types [11,12]. A range of molecular and cellular
mechanisms, which are presumed to dictate normal as well as
disease phenotypes, are almost exclusively explained by the
interaction of gene products [13,14]. The genomes of rodents,
non-human primates, and humans are reported to share greater
than 85% homology in their protein coding sequences
[15,16,17,18,19]. However, the notion that species-specific
phenotypes are predominantly determined by the expression/
function of the protein coding sequences may not be consistent
with the observation of gross morphological/physical differences
between mice and humans, such as a 20 g mouse versus a
70,000 g human.
Recent studies reported that REs participate in a range of
normal as well as disease biology, such as differential limb and
skull morphology among dog breeds and fragile X syndrome in
humans [20,21,22]. Some of the tandem REs, in particular tri-
nucleotide repeats, may form a secondary structure, such as a
stem-loop, which may affect local chromatin configuration and
ultimately the genome’s higher-order structure [9,23]. We recently
reported the existence of polymorphic RE and RE array
(arrangement structure) populations among different human
genome databases and postulated that RE arrays may play a role
in various biologic processes governing individual-specific pheno-
type [24].
In this study, to establish a whole-genome profile of REs
regarding length, occurrence, and arrangement, the C57BL/6J
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mouse reference genome was subjected to RE mining analysis
using unbiased self-alignment and dot-matrix protocols. Subse-
quently, the RE array profiles in the sex chromosomes were
compared between the reference mouse and human genomes, and
one of the most interesting and complex RE arrays in the mouse
genome was subjected to deconstruction analysis.
Results and Discussion
Unbiased whole-genome profiling of REs: length,
occurrence, and arrangement structure
The entire mouse (C57BL/6J strain) genome from the National
Center for Biotechnology Information (NCBI) was fragmented
into 5,321 genome units that were surveyed for REs in regard to
length, occurrence, and arrangement structure using an unbiased
self-alignment protocol followed by a dot-matrix presentation of
the relationships among the RE population (Fig. 1). The unbiased
self-alignment protocol in conjunction with the dot-matrix plot
display of the REs’ relationships allows for an efficient identifica-
tion of REs (both characterized and uncharacterized) as well as the
various forms of arrays formed by the REs [24]. An alternative
protocol, which surveys the genome with a biased alignment using
previously characterized REs as a probe, may provide a somewhat
limited dataset lacking information from the uncharacterized REs
and their RE arrays.
The NCBI mouse genome sequence (Build 37.1) was found to
be incomplete with substantial gaps lacking sequence information
throughout the genome. In particular, 59-end gaps of,3 Mb were
present in all chromosomes except for chromosome Y, which only
had ,2.8 Mb sequence information on the 59-end out of a
presumed full-length of ,16 Mb (Figs. 2 and 3). A large internal
gap of 7 Mb was observed on chromosome 7, and chromosomes 1
and 8 had internal gap(s) larger than 1 Mb. Since the RE
alignment and corresponding dot-matrix plot data were not
retrieved from eight genome units of 0.5 Mb, probably due to the
high RE density and/or complexity of the RE arrangement, they
were sequentially fragmented into smaller subunits until the data
was obtained (Fig. 1).
A whole-genome survey of the RE mining data revealed that
individual chromosomes had unique profiles of REs, primarily in
regard to length, density, and arrangement structure (Figs. 2 and
3, and Figs. S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13,
S14, S15, S16, S17, S18, S19, S20, S21). In particular, unique RE
arrays, such as Ch7.032, ChX.241 through ChX.246, and
ChY.06LrRlL through ChY.06LrRrR, were observed only in
specific chromosomes. It appears that there are more RE arrays
with complex configuration in some chromosomes (e.g., chromo-
somes 7 and X) than the others (e.g., chromosomes 10 and 15).
Chromosome-wide analyses of RE occurrence/density, which is
presented as the distribution of average dot plot intensity of
individual genome units/subunits, revealed that there are
substantial differences in RE density within each chromosome as
well as among the 21 chromosomes (Fig. 4A). Based on the total
average RE density, chromosome Y was determined to be the
most densely populated with REs relative to the limited sequence
information in the genome database (,2.8 Mb from the 59-end of
chromosome Y), while chromosome X had the highest overall RE
density (Fig. 4B). Interestingly, a series of highly complex RE
arrays accompanied by high RE density preceded the major gap of
presumed to be ,13.1 Mb in chromosome Y. It is probable that
the high complexity of the RE arrays in this region contributed to
the gap, at least in part.
In this study, a whole-genome set of RE profile data regarding
length, occurrence, and arrangement structure was compiled for
the mouse reference genome using an unbiased self-alignment
protocol with the NCBI bl2seq program. However, it needs to be
noted that the data presented in this study was generated following
fragmentation of the genome into genome units of 0.5 Mb or even
smaller subunits, as needed, due to the limitations of the tool
employed (web-based NCBI bl2seq program). The development of
an on-site tool capable of processing an entire chromosome and/
or whole genome as a single query may be needed to obtain a
more comprehensive data set accounting for all potential RE
occurrences and relationships within a chromosome/genome
compared to one from the sequential analysis of fragmented
genome units.
Structural characteristics of selective RE arrays based on
dot-matrix plots
A total of 135 RE arrays, which retain complex and/or unique
architectural configurations, were selected following a survey of
the whole-genome set of dot-matrix plot data (Figs. 2, 3 and 5).
The RE arrays, which spanned in consecutive genome units of
more than one, were compiled separately to demonstrate their
length/extent (Fig. 5B). These individual RE arrays were
Figure 1. Schedule for fragmentation of a genome unit into
sequential half-size subunits. The diagram illustrates how a series of
sequential half-size subunits are generated from a genome unit of
0.5 Mb, using the Ch7.134 as an example. During each fragmentation
event, the 59-half is designated as ‘‘L’’ and the 39-half is designated as
‘‘R’’, and lowercase and uppercase letters are alternated for sequential
fragmentation events. The chromosomal ideogram is adopted from the
NCBI mouse genome database. *identification of genome unit,
**chromosomal location, Ch (chromosome).
doi:10.1371/journal.pone.0035156.g001
Repetitive Element Arrays in the Mouse Genome
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constructed by combinations of multiple RE types with varying
lengths, occurrences, and orientations (direct vs. inverse). It is
possible that some of the larger REs, which were represented by
longer line plots, harbor mosaic arrangements of a specific set of
smaller REs derived from different RE types. Interestingly, some
of the RE arrays, such as Ch7.032, Ch7.134Rl, Ch17.007LlLl,
Figure 2. Whole-genome view of occurrence and arrangement structure of REs. The dot-matrix plots of the self-alignment data derived
from a total of 5,321 genome units of 0.5 Mb, in addition to 41 subunits of varying sizes, which cover the entire mouse genome, are compiled by
chromosome order (1,19, X, and Y). Each genome unit/subunit is represented by a square and unit identifications are indicated only for the ones on
the far left of each row. Genome units without any sequence information (gap) are indicated with a white square. Grey rectangles indicate partial
gaps. Ideograms for individual chromosomes, which are adopted from the NCBI mouse genome database, are included as a reference. A set of
subunits derived from one genome unit are grouped with a rectangle. A detailed plot view of the RE occurrence and arrangement structure is
available through the electronic supplementary figures.
doi:10.1371/journal.pone.0035156.g002
Repetitive Element Arrays in the Mouse Genome
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Figure 3. RE arrays of chromosomes 7, X, and Y. The RE arrays plotted from the genome units/subunits of chromosomes 7, X, and Y are
assembled in order of 59 to 39. The same data sets are presented in a smaller scale in Fig. 2. The same labeling and identification schedules as in Fig. 2
are used. A set of subunits derived from one genome unit are grouped with a rectangle.
doi:10.1371/journal.pone.0035156.g003
Repetitive Element Arrays in the Mouse Genome
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ChX.017, and ChY.006LrRrR, were complex, but they also
seemed to be uniquely organized (Fig. 5A).
Simple RE arrays can be configured by the interpretation of the
physical characteristics of the dots and lines on the two-
dimensional dot-matrix plot. For instance, an RE plot formed by
the crossing of two lines in opposite orientations (e.g., Ch17.014 in
Fig. 5A) indicates a palindromic structure, while a square or
rectangle box filled with lines of the same orientation (e.g.,
Ch9.007LlRl in Fig. 5A) represents a tandem repeat region.
However, the apparent high level complexity of certain RE arrays
(e.g., Ch7.032, ChX.017, ChY.006LrRrR in Fig. 5A) did not
allow for a linear deconstruction of the arrangement details by a
brief examination of the physical properties (e.g., length,
occurrence, orientation) of dots and lines. For an efficient
deconstruction of these highly complex RE arrays, a software
tool, which is capable of translating the data embedded in the
individual dots and lines onto a scaled line map, needs to be
developed.
Interestingly, specific regions in certain genome units/subunits
were almost free of RE dots and lines and some of them were
surrounded by densely populated RE arrays (Figs. 3 and 5A). One
possibility is that the RE-free regions are populated with protein
coding sequences. The data obtained from this study demonstrat-
ed that REs are often arranged in a complex, but well-organized,
manner, generating a diverse population of RE arrays, which may
contribute to the higher-order architecture specific for the mouse
genome.
Figure 4. Distribution of average RE density of genome units/subunits of individual chromosomes. A. RE density (inverse RGB value) of
individual chromosomes. The average RE density of individual genome units/subunits, which are collected as an inverse RGB value, are plotted (plus
strand: 59 to 39 direction) for each chromosome. Gap regions within each chromosome are indicated with an arrow (#3 Mb) or arrow with bracket
(.3 Mb). B. Average RE density of each chromosome. There are significant differences in the profile of RE density among the 21 chromosomes.
*chromosome with the highest overall RE density, **chromosome with the highest overall RE density within the limited sequence information
available.
doi:10.1371/journal.pone.0035156.g004
Repetitive Element Arrays in the Mouse Genome
PLoS ONE | www.plosone.org 5 April 2012 | Volume 7 | Issue 4 | e35156
Comparative analysis of the RE array profiles in the
chromosomes X and Y: mouse vs. human
The human and mouse genomes are reported to share close to
99% of their gene population and ,85% of each genome can be
partitioned into corresponding regions in a synteny map based on
the gene sequences shared between these two species [3]. To
determine whether the RE array profile of the mouse genome is
different from the human genome, the RE arrays identified in the
chromosomes X and Y of the reference mouse genome were
compared to those from the reference human genome. Overall,
each species had its unique profile of RE arrays in the
chromosomes X and Y; however, it appeared that some mouse
RE arrays share basic structural configurations with certain
human RE arrays (Fig. 6) [24]. The data obtained from this
study indicates that in contrast to the high similarity in gene
sequences between the mouse and human, the RE array
population of the mouse genome is only distantly related to one
of the human genome. It is possible that the species-specific
profiles of REs and RE arrays are associated with the fine-tuning
of gene expression that contributes to the differential phenotypes
observed between mouse and human.
Translocation between the tandem RE array of the
immunoglobulin M (IgM) switch region and c-Myc gene
A literature survey was performed to identify the potential for
an RE array’s involvement in the translocation between different
mouse chromosomes. One well-described translocation event
occurred between the IgM switch region on chromosome 12
and the c-Myc gene on chromosome 15 [25]. The IgM switch
region is a tandem RE array which is formed with,150 repeats of
a short stretch of homologous sequences [26]. The c-Myc gene
sequence was surveyed with the IgM switch region sequence to
identify a locus which may serve as a breakpoint for the
translocation between the IgM tandem RE array region and the
c-Myc gene (Fig. 7). Interestingly, one unique stretch of 40
nucleotides in the c-Myc sequence had a homologous alignment
(80% identity; 5 mismatches and 2 gaps) with two sections of the
IgM switch region. In fact, the 40 nucleotide-stretch was localized
to a reported translocation breakpoint in the c-Myc gene (GenBank
No.: K01873.1) [27]. The findings from this study suggest that the
sequence and arrangement characteristics of the IgM switch
region RE array may play a crucial role in the specific
translocation into the c-Myc locus.
Figure 5. Compilation of unique RE arrays selected throughout the entire genome. A total of 135 unique RE arrays are selected
throughout the mouse genome and compiled by chromosome order (1,19, X, and Y). A. Compilation of RE arrays from a single genome unit or a set
of subunits from one genome unit. A set of subunits derived from one genome unit is indicated by a rectangle. The Ch7.032 genome unit is
highlighted by a dotted square. B. Compilation of RE arrays spanning consecutive genome units.
doi:10.1371/journal.pone.0035156.g005
Repetitive Element Arrays in the Mouse Genome
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Linear deconstruction of RE arrangement structures in
the Ch7.032 genome unit
Among a number of the complex, ordered, and unique RE
arrays, the dot-matrix plot of the Ch7.032 genome unit, which
resembles a circuit board full of microprocessors, was selected for
an experiment to deconstruct the RE arrays. Initially, among the
RE arrays found in the Ch7.032 genome unit, the lined square was
isolated and subjected to RE profiling analysis (Fig. 8A).
Examination of the corresponding alignment data for the lines
in the square revealed that it is a tandem repeat structure,
harboring 13 repeats of an ,11.3 Kb unit. A survey of the
individual ,11.3 Kb repeat units for RE profiles using Repeat-
Masker [28] and its RE probe library identified several different
RE types: long terminal repeat (LTR), long interspersed nuclear
element (LINE), short interspersed nuclear element (SINE), A-rich
region, GA tandem repeats, and others. In addition, an open
reading frame analysis to search for putative protein coding
sequences in the repeat unit revealed the presence of a full-coding
region for the Obox4 (oocyte-specific homeobox 4) gene [29,30,31].
Subsequently, the RE profile data of the entire Ch7.032 genome
unit (0.5 Mb) was obtained using the same RepeatMasker protocol
that was used for the tandem repeat structure.
For line mapping of the RE and/or gene profiles, relevant
information, such as coordinates and orientations of RE
alignments as well as genes, was extracted. Subsequently, a scaled
line map was plotted for individual RE and/or gene occurrences.
The line maps for the individual REs and/or genes were then
merged to compile the entire data set of RE/gene profiles onto
one line map using a layer function. Consequently, the occurrence
of each RE/gene type can be viewed individually on a line map by
separation of the specific layer. Using this protocol, a scaled line
map of REs and genes was generated for each ,11.3 Kb repeat
unit (Fig. 8B and Fig. S22). Eleven of the 13 repeat units retained a
full-coding potential of 453 amino acids for the Obox4 gene. The
59-end of the first repeat unit was mapped to the middle of the
Obox4 gene and the seventh repeat unit retained a partial coding
potential of 439 amino acids due to premature stop linked to a
deletion of five nucleotides near the 39-end of the Obox4 gene.
According to the latest reference sequence of the Obox4 gene, it is
1.939 Kb long and consists of three exons and two introns;
however, the 39-end of the exon 3 has not been clearly defined
[29]. Based on the identification of a putative poly (A) signal
downstream of the stop codon, we now propose that the Obox4
gene is 2.484 Kb. Subsequently, the RE line map of the entire
Ch7.032 genome unit (0.5 Mb) was constructed using the same
RepeatMasker protocol that was used for the generation of the
tandem structure line map (Fig. 8C and Fig. S23). In this study, it
was demonstrated that an interactive line map of the RE and/or
gene profiles can be efficiently assembled for RE arrays, which
were identified by self-alignment analyses, using readily available
computer programs and the RepeatMasker database. However,
Figure 6. Unique and similar RE arrays in chromosomes X and Y: mouse vs. human. The RE arrays identified in the chromosomes X and Y
of the reference mouse genome were compared to those from the reference human genome. Four RE arrays unique for the mouse and human
chromosomes were selected. Also, four similar RE arrays were identified from the mouse and human chromosomes.
doi:10.1371/journal.pone.0035156.g006
Repetitive Element Arrays in the Mouse Genome
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the development of a new tool may be necessary for a rapid
deconstruction of complex RE arrays in conjunction with the
establishment of a more comprehensive set of RE probe libraries.
In conclusion, a whole-genome library of the mouse RE arrays,
some of which were complex and well-organized, was established
using the data obtained from unbiased self-alignments of 5,321
genome units followed by dot-matrix plotting. Each chromosome
had a unique RE profile in regard to density and arrangement
structure. In addition, the RE array profile of the mouse genome
was unique in comparison to the one from the human genome. It
can be speculated that some of these REs and RE arrays play a
role in the genome’s higher-order structure, and consequently in
cell division, gene expression, and/or other biologic activities,
including species-specific phenotype determination.
Materials and Methods
Generation of a library of mouse genome units of 0.5 Mb
A library of 5,321 genome units was generated for the entire
mouse (C57BL/6J strain) genome from National Center for
Biotechnology Information (NCBI) (Build 37.1) by sequential in
silico cutting at every 0.5 Mb, starting at the 59-end of each
chromosome (1 through 19, X, and Y) [3,32]. The genome unit of
0.5 Mb conforms to the query size limit of the NCBI bl2seq
program [33], which was employed in this study for an unbiased
self-alignment analyses. The genome units were processed and
stored using the Lasergene (version 8.0.2) program (DNASTAR,
Madison, WI), a DNA editing and alignment program, and the
gaps (no sequence information) in the NCBI genome database
were filled with ‘‘N’’s to maintain the size of each genome unit.
Each genome unit of 0.5 Mb was labeled with an identifier (e.g.,
the 25th genome unit of chromosome 7: Ch7.025).
Sequential fragmentation of a genome unit of 0.5 Mb
For the genome units of 0.5 Mb which could not be processed
by the NCBI bl2seq program due to the high RE density and/or
RE arrangement complexity, each of these genome units was
sequentially cut in half to generate a range of smaller genome
subunits until the self-alignment data could be processed by the
bl2seq program. Each genome subunit was identified by the
schedule described in Fig. 1 (e.g., the first half and second half of
Ch7.025 were designated as Ch7.025L and Ch7.025R, respec-
tively).
Survey of REs in regard to length, occurrence, and
arrangement structure within each genome unit/subunit
Individual genome units/subunits were subjected to an
unbiased self-alignment analyses (alignment of two identical
sequences) using the bl2seq program, which was originally
designed to identify homology between two different sequences
[33]. Two different result formats are expected to be yielded from
the bl2seq alignment analysis: pair-wise individual RE sequence
alignments and corresponding dot-matrix plots [24]. The dot-
matrix plot images of individual genome units/subunits, which
represent the relationships among the RE population in each
genome unit/subunit, were saved as a png file within the
Photoshop program (Adobe Systems Inc., San Jose, CA).
Figure 7. Translocation between the tandem RE array of the IgM switch region and the c-Myc gene. The 39-end of the immunoglobulin
heavy chain (IGh) is presented as a dot-matrix plot with markings for the various switch regions (in blue). The zoomed-in tandem RE array dot-matrix
plot represents the IgM switch region (Sm). The illustration, involving Sm and c-Myc gene sequences, depicts the putative translocation event between
two sections of the IgM switch region on chromosome 12 and a 40-nucleotide stretch within the c-Myc gene on chromosome 15. One unique stretch
of 40 nucleotides in the c-Myc sequence, corresponding to a reported translocation breakpoint in the c-Myc gene, had a high homology (80%
identity: 5 mismatches and 2 gaps) with two sections of the IgM switch region tandem array. Ch (mouse chromosome), ex (exon), red triangles
(putative translocation breakpoints).
doi:10.1371/journal.pone.0035156.g007
Repetitive Element Arrays in the Mouse Genome
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Figure 8. Line mapping of REs/genes within the Ch7.032 genome unit. A. The dot-matrix plot is derived from an unbiased self-alignment of
the Ch7.032 genome unit. The REs in the area highlighted with a dotted red line are subjected to a line mapping experiment. B. The RE profile within
the tandem 13 repeats of the ,11.3 Kb unit in the highlighted structure are plotted on a scaled line map using color coding to identify RE types. In
addition, Obox4 gene sequences are marked within each repeat unit. C. The RE profile of the entire Ch7.032 genome unit of 0.5 Mb are plotted on a
scaled line map for all RE types with color coding identification. The dotted rectangle represents the location of the first ,11.3 Kb repeat unit within
the Ch7.032 genome unit. High-resolution line maps (for maps on panels B and C) are accessible through Figs. S22 and S23.
doi:10.1371/journal.pone.0035156.g008
Repetitive Element Arrays in the Mouse Genome
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Measurement of RE density in dot-matrix plot images of
individual genome units/subunits
The average RE density was measured from the dot-matrix
plots of individual genome units/subunits as an average RGB
value using the histogram function of the Photoshop program
(Adobe Systems Inc.) [24]. Since the RGB values obtained are
inversely correlated with the density of RE dot-matrix plots (the
higher RGB value, the lower RE density), they were subtracted
from the maximum RGB value of 255 (white) prior to graphic
presentation of the average RE density of individual genome
units/subunits. To compensate the RGB values obtained from the
genome unit (0.5 Mb) versus the smaller subunits, the following
protocols were implemented: 1) the smallest genome subunit was
identified as 15.625 Kb and 2) the average RE densities of the
genome units/subunits greater than 15.625 Kb were normalized
to the 15.625 Kb subunit following the identification of specific
conversion factors. The specific conversion factor was calculated
for each genome unit/subunit from a standard curve (a set of
genome unit and subunits [15.625 Kb ,500 Kb] vs. respective
RE densities), which was generated using a full set of genome unit-
subunits from four-0.5 Mb genome units with relatively even RE
distribution.
Line mapping of different RE types in the Ch7.032 RE
array
The Ch7.032 genome unit of 0.5 Mb, which displayed one of
the most complex and unique dot-matrix plot patterns, was
surveyed to identify REs using a library of RE probes within
RepeatMasker [28]. In addition, the ,11.3 Kb units of the
tandem 13-repeat array within the Ch7.032 genome unit were
subjected to an open reading frame analyses to search for putative
protein coding sequences using the Lasergene (version 8.0.2)
program (DNASTAR). Following color designation for individual
RE types and/or genes, their occurrences were line-drawn on a
scale and the individual line-drawn maps representing different
RE types and/or genes were merged to compile the entire data set
using the layer function of the Photoshop program (Adobe Systems
Inc.).
Comparison of RE arrays in the chromosomes X and Y:
mouse vs. human
Using the same protocol, which was applied for the identifica-
tion of RE arrays in the mouse chromosomes X and Y, the human
chromosomes X and Y (NCBI Build 37.1) were surveyed for RE
arrays. Subsequently, the RE array population from the mouse
chromosomes was visually compared to the one from the human
chromosomes.
Supporting Information
Figure S1 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 1 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
395 genome units of 0.5 Mb are compiled for the mouse
chromosome 1. Each genome unit is represented by a square
and unit identifications are indicated only for the ones on the far
left of each row. Genome units without any sequence information
(gap) are indicated with a white square. Grey rectangles indicate
partial gaps.
(TIF)
Figure S2 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 2 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
364 genome units of 0.5 Mb are compiled for the mouse
chromosome 2. Each genome unit is represented by a square
and unit identifications are indicated only for the ones on the far
left of each row. Genome units without any sequence information
(gap) are indicated with a white square. Grey rectangles indicate
partial gaps.
(TIF)
Figure S3 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 3 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
320 genome units of 0.5 Mb are compiled for the mouse
chromosome 3. Each genome unit is represented by a square
and unit identifications are indicated only for the ones on the far
left of each row. Genome units without any sequence information
(gap) are indicated with a white square.
(TIF)
Figure S4 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 4 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
312 genome units of 0.5 Mb are compiled for the mouse
chromosome 4. Each genome unit is represented by a square
and unit identifications are indicated only for the ones on the far
left of each row. Genome units without any sequence information
(gap) are indicated with a white square. Grey rectangles indicate
partial gaps.
(TIF)
Figure S5 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 5 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
306 genome units of 0.5 Mb are compiled for the mouse
chromosome 5. Each genome unit is represented by a square
and unit identifications are indicated only for the ones on the far
left of each row. Genome units without any sequence information
(gap) are indicated with a white square. Grey rectangles indicate
partial gaps.
(TIF)
Figure S6 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 6 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
300 genome units of 0.5 Mb are compiled for the mouse
chromosome 6. Each genome unit is represented by a square
and unit identifications are indicated only for the ones on the far
left of each row. Genome units without any sequence information
(gap) are indicated with a white square. Grey rectangles indicate
partial gaps.
(TIF)
Figure S7 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 7 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
306 genome units of 0.5 Mb are compiled for the mouse
chromosome 7. Each genome unit/subunit is represented by a
square and unit identifications are indicated only for the ones on
the far left of each row. Genome units without any sequence
information (gap) are indicated with a white square. Grey
rectangles indicate partial gaps. A set of subunits derived from
one genome unit are grouped with a rectangle.
(TIF)
Figure S8 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 8 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
264 genome units of 0.5 Mb are compiled for the mouse
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chromosome 8. Each genome unit/subunit is represented by a
square and unit identifications are indicated only for the ones on
the far left of each row. Genome units without any sequence
information (gap) are indicated with a white square. Grey
rectangles indicate partial gaps. A set of subunits derived from
one genome unit are grouped with a rectangle.
(TIF)
Figure S9 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 9 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of
249 genome units of 0.5 Mb are compiled for the mouse
chromosome 9. Each genome unit/subunit is represented by a
square and unit identifications are indicated only for the ones on
the far left of each row. Genome units without any sequence
information (gap) are indicated with a white square. A set of
subunits derived from one genome unit are grouped with a
rectangle.
(TIF)
Figure S10 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 10 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 260
genome units of 0.5 Mb are compiled for the mouse chromosome
10. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square.
(TIF)
Figure S11 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 11 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 244
genome units of 0.5 Mb are compiled for the mouse chromosome
11. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square.
(TIF)
Figure S12 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 12 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 243
genome units of 0.5 Mb are compiled for the mouse chromosome
12. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square. Grey rectangles indicate partial
gaps.
(TIF)
Figure S13 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 13 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 241
genome units of 0.5 Mb are compiled for the mouse chromosome
13. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square. Grey rectangles indicate partial
gaps.
(TIF)
Figure S14 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 14 from Fig. 2. The
dot-matrix plots of the self-alignment data derived from a total of 251
genome units of 0.5 Mb are compiled for the mouse chromosome
14. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square. Grey rectangles indicate partial gaps.
(TIF)
Figure S15 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 15 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 207
genome units of 0.5 Mb are compiled for the mouse chromosome
15. Each genome unit/subunit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square.
(TIF)
Figure S16 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 16 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 197
genome units of 0.5 Mb are compiled for the mouse chromosome
16. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square.
(TIF)
Figure S17 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 17 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 191
genome units of 0.5 Mb are compiled for the mouse chromosome
17. Each genome unit/subunit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square. A set of subunits derived from one
genome unit are grouped with a rectangle.
(TIF)
Figure S18 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 18 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 182
genome units of 0.5 Mb are compiled for the mouse chromosome
18. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square.
(TIF)
Figure S19 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome 19 from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 123
genome units of 0.5 Mb are compiled for the mouse chromosome
19. Each genome unit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square.
(TIF)
Figure S20 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome X from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 334
genome units of 0.5 Mb are compiled for the mouse chromosome
X. Each genome unit/subunit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square. Grey rectangles indicate partial
gaps. A set of subunits derived from one genome unit are grouped
with a rectangle.
(TIF)
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Figure S21 Detailed dot-matrix plot view of the RE
arrays in the mouse chromosome Y from Fig. 2. The dot-
matrix plots of the self-alignment data derived from a total of 32
genome units of 0.5 Mb are compiled for the mouse chromosome
Y. Each genome unit/subunit is represented by a square and unit
identifications are indicated only for the ones on the far left of each
row. Genome units without any sequence information (gap) are
indicated with a white square. A set of subunits derived from one
genome unit are grouped with a rectangle.
(TIF)
Figure S22 High-resolution view of line maps for REs/
genes within the Ch7.032 genome unit (Fig. 8B). The high
resolution image file provides details of the line map presented in
Fig. 8B. In the case of an overlap of more than one nucleotide
between two REs, the 39-end of the upstream RE is indicated by a
solid line while the 59-end of the downstream RE is indicated by a
dotted line; however, only solid lines are used when the overlap is
one nucleotide. To differentiate a no gap from a one nucleotide
overlap, a dotted line is preceded by a solid line to indicate the
start and end of two REs. Individual RE and/or gene types can be
viewed separately on a line map using the layer function within the
Photoshop program (Adobe Systems Inc.).
(TIF)
Figure S23 High-resolution view of line maps for REs/
genes within the Ch7.032 genome unit (Fig. 8C). The high
resolution image file provides details of the line map presented in
Fig. 8C. In the case of an overlap of more than one nucleotide
between two REs, the 39-end of the upstream RE is indicated by a
solid line while the 59-end of the downstream RE is indicated by a
dotted line; however, only solid lines are used when the overlap is
one nucleotide. To differentiate a no gap from a one nucleotide
overlap, a dotted line is preceded by a solid line to indicate the
start and end of two REs. Individual RE and/or gene types can be
viewed separately on a line map using the layer function within the
Photoshop program (Adobe Systems Inc.).
(TIF)
Author Contributions
Conceived and designed the experiments: KC. Performed the experiments:
YKL SGK RM KHL CSM SL. Analyzed the data: YKL KHL.
Contributed reagents/materials/analysis tools: YKL SGK RM KHL.
Wrote the paper: YKL KHL. Provided constructive discussions: DGG.
References
1. Pruitt KD, Tatusova T, Klimke W, Maglott DR (2009) NCBI Reference
Sequences: current status, policy and new initiatives. Nucleic Acids Res 37:
D32–36.
2. Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, et al. (2001) Initial
sequencing and analysis of the human genome. Nature 409: 860–921.
3. Waterston RH, Lindblad-Toh K, Birney E, Rogers J, Abril JF, et al. (2002)
Initial sequencing and comparative analysis of the mouse genome. Nature 420:
520–562.
4. Benson DA, Karsch-Mizrachi I, Lipman DJ, Ostell J, Sayers EW (2010)
GenBank. Nucleic Acids Res 38: D46–51.
5. Bernal A, Ear U, Kyrpides N (2001) Genomes OnLine Database (GOLD): a
monitor of genome projects world-wide. Nucleic Acids Res 29: 126–127.
6. Nadeau JH, Balling R, Barsh G, Beier D, Brown SD, et al. (2001) Sequence
interpretation. Functional annotation of mouse genome sequences. Science 291:
1251–1255.
7. Collins FS, Green ED, Guttmacher AE, Guyer MS (2003) A vision for the future
of genomics research. Nature 422: 835–847.
8. International Human Genome Sequencing Consortium (2004) Finishing the
euchromatic sequence of the human genome. Nature 431: 931–945.
9. Richard GF, Kerrest A, Dujon B (2008) Comparative genomics and molecular
dynamics of DNA repeats in eukaryotes. Microbiol Mol Biol Rev 72: 686–727.
10. Pennisi E (2007) Genomics. DNA study forces rethink of what it means to be a
gene. Science 316: 1556–1557.
11. Greenbaum D, Luscombe NM, Jansen R, Qian J, Gerstein M (2001)
Interrelating different types of genomic data, from proteome to secretome:
‘oming in on function. Genome Res 11: 1463–1468.
12. Thomas M, Kalita A, Labrecque S, Pim D, Banks L, et al. (1999) Two
polymorphic variants of wild-type p53 differ biochemically and biologically. Mol
Cell Biol 19: 1092–1100.
13. Lage K, Karlberg EO, Storling ZM, Olason PI, Pedersen AG, et al. (2007) A
human phenome-interactome network of protein complexes implicated in
genetic disorders. Nat Biotechnol 25: 309–316.
14. Fehon RG, Kooh PJ, Rebay I, Regan CL, Xu T, et al. (1990) Molecular
interactions between the protein products of the neurogenic loci Notch and
Delta, two EGF-homologous genes in Drosophila. Cell 61: 523–534.
15. Makalowski W, Zhang J, Boguski MS (1996) Comparative analysis of 1196
orthologous mouse and human full-length mRNA and protein sequences.
Genome Res 6: 846–857.
16. Makalowski W, Boguski MS (1998) Evolutionary parameters of the transcribed
mammalian genome: an analysis of 2,820 orthologous rodent and human
sequences. Proc Natl Acad Sci U S A 95: 9407–9412.
17. Lamerdin JE, Montgomery MA, Stilwagen SA, Scheidecker LK, Tebbs RS, et
al. (1995) Genomic sequence comparison of the human and mouse XRCC1
DNA repair gene regions. Genomics 25: 547–554.
18. Koop BF, Hood L (1994) Striking sequence similarity over almost 100 kilobases
of human and mouse T-cell receptor DNA. Nat Genet 7: 48–53.
19. Batzoglou S, Pachter L, Mesirov JP, Berger B, Lander ES (2000) Human and
mouse gene structure: comparative analysis and application to exon prediction.
Genome Res 10: 950–958.
20. Fondon JW, 3rd, Garner HR (2004) Molecular origins of rapid and continuous
morphological evolution. Proc Natl Acad Sci U S A 101: 18058–18063.
21. Mirkin SM (2007) Expandable DNA repeats and human disease. Nature 447:
932–940.
22. Jin P, Warren ST (2000) Understanding the molecular basis of fragile X
syndrome. Hum Mol Genet 9: 901–908.
23. Wang YH, Gellibolian R, Shimizu M, Wells RD, Griffith J (1996) Long CCG
triplet repeat blocks exclude nucleosomes: a possible mechanism for the nature
of fragile sites in chromosomes. J Mol Biol 263: 511–516.
24. Lee KH, Lee YK, Kwon DN, Chiu S, Chew V, et al. (2011) Identification of a
unique library of complex, but ordered, arrays of repetitive elements in the
human genome and implication of their potential involvement in pathobiology.
Exp Mol Pathol 90: 300–311.
25. Gerondakis S, Cory S, Adams JM (1984) Translocation of the myc cellular
oncogene to the immunoglobulin heavy chain locus in murine plasmacytomas is
an imprecise reciprocal exchange. Cell 36: 973–982.
26. Janeway C, Travers P, Walport M, Shlomchik M (2001) The immune system in
health and disease. Immunobiology. New York: Garland Science.
27. Dunnick W, Shell BE, Dery C (1983) DNA sequences near the site of reciprocal
recombination between a c-myc oncogene and an immunoglobulin switch
region. Proceedings of the National Academy of Sciences 80: 7269.
28. Smit AFA, Hubley R, Green P RepeatMasker Open-3.0.
29. Kim HM, Ahn HJ, Lee HS, Lee KA, Lee SM, et al. (2010) Obox4 regulates the
expression of histone family genes and promotes differentiation of mouse
embryonic stem cells. FEBS Lett 584: 605–611.
30. Lee HS, Kim EY, Kim KH, Moon J, Park KS, et al. (2010) Obox4 critically
regulates cAMP-dependent meiotic arrest and MI-MII transition in oocytes.
Faseb J 24: 2314–2324.
31. Rajkovic A, Yan C, Yan W, Klysik M, Matzuk MM (2002) Obox, a family of
homeobox genes preferentially expressed in germ cells. Genomics 79: 711–717.
32. Church DM, Goodstadt L, Hillier LW, Zody MC, Goldstein S, et al. (2009)
Lineage-specific biology revealed by a finished genome assembly of the mouse.
PLoS Biol 7: e1000112.
33. Tatusova TA, Madden TL (1999) BLAST 2 Sequences, a new tool for
comparing protein and nucleotide sequences. FEMS Microbiol Lett 174:
247–250.
Repetitive Element Arrays in the Mouse Genome
PLoS ONE | www.plosone.org 12 April 2012 | Volume 7 | Issue 4 | e35156
